The self organisation of pseudoisocyanine-dimers in dilute aqueous solutions is studied by classical MD simulations. The electronic structure of the dimer is evaluated with the semiempirical ZINDO method to determine the fluctuations of site energies and excitonic coupling. We study different dimer conformations with blue or red shifted absorption maxima as models for H and J-aggregates.
I. INTRODUCTION
. Therefore we started the simulation of PIC aggregates by a detailed investigation of the dimer. From the analysis of the experimental spectrum in water 4 it was deduced that both excitonic components contribute with an intensity ratio of 2:1. This can not be explained 5 by dimer models 4, 6 where the dipole moments are almost parallel or antiparallel as it is the case for the common brickwork or ladder models which are found in the literature for the J-aggregate 7, 8 . Another focus of our investigations concerns the contribution of local Coulombic interactions to the inhomogeneous broadening of the site energies and its importance in comparison to intramolecular vibrations.
II. METHODS
For the classical MD simulation we used the model of rigid rotors which can be easily combined with quantum calculations to obtain electronic excitations and coupling matrix elements 9 . Since also the position of the ethyl groups is fixed we have to distinguish not only two stereoisomers but also a fully C2-symmetric form and another form where the ethyl-groups break this symmetry. A possible interconversion between these conformations was not taken into account.
We simulated a cube containing a pair of PIC (positively charged) molecules and 2150 TIP5 10 water molecules. We did not use periodic boundary conditions to avoid artefacts from the Coulombic interaction with the mirror images. Instead reflecting boundaries kept the molecules from escaping the box by reversing the normal velocity component whenever the center of mass of one of the molecules encountered the boundary . The boundary distance of 36Å was adjusted to reproduce the experimental density of water at room temperature.
The equations of motion were solved using an implicit quaternion method 11 for the rotations and a Leap frog method for the translations. The timestep used was 1 fsec.
In our simulation we neglected electrostatic interactions with solvent outside the cube.
We calculated the missing contribution to the solvation energy from a simple PCM model 12 .
The simulated box was put into a cubic cavity in a dielectric continuum and the contribution to the solvation energy was calculated from the interaction between the charges within the box and the induced surface charges. It gave 13% of the total solvation energy. This value stayed rather constant along the trajectory. Therefore we assume that the essential changes of interaction with solvent molecules in the immediate surroundings are taken into account sufficiently.
The force field was designed to reproduce the local electrostatic interactions properly, which is especially important for the large sized PIC molecule with its extended π-electron system. It is based on a simplified version of the effective fragment model [13] [14] [15] . The charge distribution is approximated by distributed multipoles which were calculated with GAMESS on the basis of TZV/HF wavefunctions
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. For the simulation only point charges q i and dipoles p i were used which are centered at the positions of the nuclei and the bond centers.
The Coulombic interaction energy is
The values of point charges and dipoles are given for the symmetry unique atoms in Table I .
The electronic spectra were calculated on the ZINDO/CI-S level 
with the average monomer transition energy E = (E A * + E B * )/2, their splitting ∆ = E B * − E A * and the excitonic coupling V . Its eigenvectors are the two delocalized dimer excitations which are written with mixing coefficients cos γ, sin γ as |1 >= cos γ|A * > + sin γ|B * > |2 >= − sin γ|A * > + cos γ|B * >
The transition dipoles of these two states
are linear combinations of the transition dipoles µ A * ,B * of the two monomers which are assumed to be independent from the excitonic interaction. Therefore the mixing angle γ can be determined from a least square fit of the two dimer transition dipoles to (4). Then the elements of the interaction matrix are calculated from the transition energies of the two dimer excitations as
We want to emphasize that this analysis is based on the delocalized dimer orbitals. It does not involve any kind of multipole expansion, especially the calculated excitonic coupling is not of the dipole-dipole type which would be quite questionable at such short intermolecular distances. To check the quality of the ZINDO method, we compared the results for a selected sandwich dimer configuration with a much more elaborate 631G** HF/CI calculation. The calculated transition dipoles of the two lowest singlet excitations were very similar (3 and 16 Debyes from ZINDO , 2 and 14 Debyes from HF/CI ), the excitonic splitting was somewhat larger for the HF/CI method (0.54eV as compared to 0.37eV for ZINDO). Both methods placed the lowest charge resonance states at about 0.65 eV above the upper excitonic band.
III. RESULTS
We determined the vibronic coupling parameters for the PIC monomer as described in our earlier paper The MD simulations were started from several plausible dimer structures. First the PIC molecules were kept fixed and the solvent was equilibrated for 50 psec. Then the restraints were removed and the system was simulated for another 50 psec. The distance and orientation of the two PIC molecules were analyzed to identify periods of relative stability.
Starting from a sandwich structure, a rather stable structure evolved within 10 psec ( fig.3a) . It is not symmetric but still there is almost no splitting of the calculated site energies (Table 2) . In our simulations the orientational time correlation function of the water molecules can be described by a Gaussian with a correlation time of 60 fs at short times. The time correlation of the electrostatic potential decays faster.
The initial Gaussian decay with 20 fs is very similar to that of the correlation function of the transition energies. Probably collective librational motions contribute more efficiently to the electronic dephasing than the motion of the individual molecules.
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The center of the site energies is shifted by 0.06 eV to lower energies as compared to a monomer in vacuum and the variance of the site energies is comparable to that of a their dimer spectrum has some admixture of the monomer spectrum. We assume that the absorption maximum at 520nm is due to monomers and the maximum of the real dimer spectrum is at 480nm. This would be consistent with an H-aggregate with an excitonic coupling of 0.2eV.
We studied also brickwork structures as a model for the J-aggregates with a red shifted absorption. We found a relative stable structure which is shown in fig. 3b . The structural fluctuations are much larger than for the sandwich model but the fluctuations of site energies and excitonic coupling are even somewhat smaller. The coupling of -0.064eV is close to the value of -0.078eV which was used to simulate the vibronic spectrum of the J-aggregates
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.
IV . TABLE CAPTIONS   Table I: coordinates, atomic charges and dipoles for PIC Table II: mean values and standard deviation of distances, orientation angles, excitation energies and excitonic couplings for the two structures. The long axis is defined by the vector connecting the two nitrogen atoms R(N 13 ) − R(N 14 ), the short axis by the vector R( V. FIGURE CAPTIONS:
The atom numbering for PIC is shown as it is used to tabulate the parameters The experimental absorption spectrum 
